VOL.
Ghana60J. Sci. 61 (1), 2020, 31 - 42

GHANA JOURNAL OF SCIENCE https://dx.doi.org/10.4314/gjs.v61i1.3
31

EFFECTS OF SINGLE BOUT AND SHORT TERM AEROBIC
EXERCISE ON C-REACTIVE PROTEIN IN TYPE-2 DIABETES
PATIENTS: A PILOT STUDY
C. I. Ezema, M. C. Nweke*, C. N. Amarachukwu, C. Obiekwe,
C. I. Okafor, I. E. A. Esom And M. K. Ukwuoma
(C. I. E., M. C. N. & M. K. U.: Department of Medical Rehabilitation, University of Nigeria, Enugu Campus; C. N. A. & C. O.: Department of Physiotherapy, University of Nigeria Teaching Hospital Ituku-Ozalla, Enugu; C. O.: Department of Endocrinology, University of Nigeria Teaching Hospital Ituku-ozalla,
Enugu; I. E. A. E.: Department of Anatomy, University of Nigeria, Enugu Campus).
*Corresponding author’s email: martinsnweke@gmail.com
ABSTRACT
Type-2 diabetes is a leading risk for cardiovascular diseases and events due to ease of development of atherosclerosis in people with type-diabetes. Chronic inflammation is a major driver
of atherosclerosis in type-2 diabetes and it has been linked to elevated C-reactive protein
(CRP) level. The objective of this study was to determine whether CRP is amenable to aerobic
exercise. A total of 40 adults diagnosed with type-2 diabetes patients were sampled randomly,
and later, conveniently allocated into exercise and control groups. All the subjects were on
the diabetes exchange diet as recommended by their Dieticians. Results show that the glucose
level of the subjects of this study was fairly under control ((glycated haemoglobin (HbA1c)
= 0.80±0.11% for each of the group)). A weak negative correlation was found between exercise-induced reductions in CRP and HbA1c (r = -0.345; p = 0.029). Significant (p < 0.05)
difference in CRP was found between study and control groups following single bout (30 min)
aerobic exercise, however, no significant (p > 0.05) difference in CRP was found between
study and control groups after 8-weeks. Single bout or short-term aerobic exercises does not
reduce CRP in people with fairly controlled type-2 diabetes mellitus.
Keywords: Diabetes, exercise, c-reactive protein, inflammation, physical activity.

Introduction
Patients with diabetes mellitus have about tenfold risk for cardiovascular disease (Nathan et
al., 2005). This is supported by the fact that
cardiovascular disease accounts for more than
75% of all hospitalizations for diabetic complications in developed nations (Faxon et al.,
2004). This could be attributed to the development of accelerated atherosclerosis (Watson et al. 2003), which accounts for 80% of
all deaths among people living with diabetes

(PLWD) in developing nation (American Diabetes association, 1993). In type-2 diabetes
mellitus, hyperglycaemia induces endothelial
injury thereby increasing endothelial permeability (Colwell et al., 1981). Increased endothelial permeability culminates in retention of
low-density lipoproteins (LDL) which interact
with underlying extracellular matrix. This interaction retains the LDL which further undergoes oxidation by reactive oxygen species
(Shrikhande & McKinsey, 2012). The
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oxidized LDL stimulates overlying endothelial
cells leading to increased production of cellular adhesion molecules, chemotactic proteins,
growth factors, while inhibiting nitric oxide
production. This activates inflammatory events
via activation of monocytes and macrophages
activation (Shrikhande & McKinsey, 2012).
Production of inflammatory cytokine by activated macrophages activates multiplication of
smooth muscle cells of the containing vessel
wall, thus resulting in fibrous plaque which
may be destabilized, ruptured, or superimposed by thrombosis (Lusis, 2000). The consequence is vascular occlusion, which eventually
precipitate cardiovascular event (Lusis, 2000).
It is discernible that chronic systemic
inflammation is a major driver in the development of atherosclerosis and attendant cardiovascular disease (Shrikhande & McKinsey,
2012; Nystrom, 2007; Sjoholm & Nystrom,
2006), and this calls for the uncovering of the
potential markers of systemic inflammation in
type-2 diabetes patients particular CRP, and
the possible ways of regulating them. CRP is a
marker of systemic inflammation as well as an
emerging independent predictor of cardiovascular disease in type-2 diabetes (Ridker et al.,
1997). It is elevated in individuals with type-2
diabetes (Sjoholm & Nystrom, 2006) as a result
of hepatocytic response to inflammatory cytokines (Wilson et al., 2006). Studies hold that
elevated CRP is an independent predictor for
cardiovascular events (Schulze et al., 2004),
cerebrovascular disease mortality (Soinio
et al., 2006), insulin resistance and late-onset complications in type-2 diabetes patients
(Hayashino et al., 2006). CRP plays a direct
pathologic role by promoting production of
procoagulant tissue factor, leukocyte adhesion
molecules, and chemotactic substances (Deanfield et al., 2005). It could impair vascular
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tone through inhibition of synthesis of nitric
oxide, an anti-atherogenic agent (Deanfield
et al., 2005). Overall, CRP increases the susceptibility of vascular walls to inflammation,
atherosclerosis and eventually, cardiovascular
events (Schulze et al. 2004). There is need for
intervention targeting reduction in serum CRP.
Physical activity remains one of the most important factors in the treatment of type-2 diabetes mellitus (Praet & Van loon, 2007), and
studies have shown that exercise is effective
for reducing insulin resistance and potential complications including atherosclerosis (Kadoglou et al., 2010). Exercise as the
nature’s medicine is believed to down-regulate the production of C-reactive protein and
other inflammatory cytokines while up-regulating anti-inflammatory cytokines. Interventions directed towards reduction of CRP may
optimize strategy aimed at combating atherosclerosis and cardiovascular events in type-2
diabetes patients. Aerobic fitness has been associated with decreased expression and release
of CRP from hepatocyte (McGavock et al.,
2004). This suggests that moderate to vigorous
intensity aerobic exercise may be of benefit
to individuals with type-2 diabetes (Balducci
et al., 2010). In addition, a high positive relationship has been found between C-reactive protein and tissue measurement indices
amenable to exercise such as body mass, waist
circumference, and the waist-hip ratio (Selvin
et al., 2007). However, there exists paucity of
literature on the effect of aerobic exercise intervention on CRP in type-2 diabetes patients
CRP (Bijeh et al., 2012; Stewart et al., 2007;
Hamedinia et al., 2007), especially in developing nations. This is a pilot study investigating
effects of single bout and short-term aerobic
exercises on C-reactive protein in type-2 diabetes patients.
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Experimental
Subjects
The participants to this study comprised 40
(20 males and 20 females) adults diagnosed of
type-2 diabetes mellitus, and who were attending the diabetes clinic of University of Nigeria Teaching Hospital (UNTH), Enugu. Their
age ranged between 41 and 86 years. Subjects
were fully informed about the experimental
procedures, risk, and protocol, after which
they gave their informed consent. Ethical approval was granted by the Health Research and
Ethics Committee of the UNTH, Enugu.
Diet and Drug Characteristics of the Subjects
Subjects were on their hypoglycaemic drugs
which were mainly sulfonylureas, in various
dosages though. Dietary advice was a diabetes exchange diet that provides approximately
50 – 60% of calories from carbohydrates, approximately 10 – 20 % of calories from protein, and less than 30% of calories from fat as
recommended by the Dieticians.
Research design
In this study, failed randomized controlled design was used to determine the effect of acute
sub-maximal aerobic exercise on C-reactive
protein. We used the word “failed” highlight a
weakness in the design of this study, we started with random selection but later resorted to
selection by convenience as participants were
not forthcoming. Using large effect size (σ =
0.5) (Cohen, 1998), at degree of freedom of 1
and power (1-β) of 0.8, minimum sample size
of 36 subjects was obtained. Subjects were
conveniently sampled but randomly allocated
into exercise group (A) and control (B) using
simple random without replacement technique.
They were asked to pick a number from a box
which contained equal numbers allocated to
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two groups (A and B) as they presented for the
study. The number they choose automatically
assigned them to the groups where they participated. It is important to note that randomization process was interrupted towards the
end of the study as the investigators resorted
to convenience sampling to be able to recruit
more participants into the study. The exercise group had a single bout aerobic exercise
training lasting for 30 minutes while the control group had no structured form of exercise
within the period. At the end of the exercise,
a post-test procedure was administered to all
subjects.
Inclusion criteria
Participants were recruited based on the following inclusion criteria: being medically and
mentally stable, having no symptom of cardiac complication such as angina, referred to
attending outpatient physiotherapy clinic, and
blood pressure <140/90 mmHg.
Exclusion criteria
Subjects who were pregnant, on antidepressant, had chest pain or insufficient aerobic
capacity following exercise testing were excluded. Those who were recently involved in
vigorous physical activities were also excluded.
Pre-exercise Procedures
Cardiovascular Characteristics
Subjects resting heart rate (HR), Systolic blood pressure, (SBP) and diastolic blood
pressure (DBP) were monitored from the right
arm, using an automated digital electronic BP
monitor (Omron digital BP monitor, Model 11
EM 403c; Tokyo Japan), as described by Musa
et al. (2002).
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Anthropometric measurement
The anthropometric characteristic such as
weight (kg) and height (m), BMI (kg/m2),
waist circumference (cm), hip circumference
(cm), and waist-hip ratio were measured following standardized anthropometric protocol
(Praet et al. 2007).
Blood sample collection (venipuncture method)
Pre and post-treatment fasting blood samples
were obtained between 8:00 am and 10:00
am after a minimum of 8-hour overnight
fast. Five-milliliter syringes were used for
blood sample collection. About 5 ml of blood
was drawn from the antecubital vein of each
subject under strict septic condition. Blood
samples were allowed to coagulate at room
temperature for one hour and centrifuged for
serum. Serum samples were transferred into
plastic containers sealed, and labeled. All samples were stored in a refrigerator at −80°C until analysis.
Glycated haemoglobin (HbA1c) test
Glycated haemoglobin as a gold standard test in
monitoring long-term control of diabetes mellitus (World Health Organization, 2011) was
used to assess the subjects’ blood glucose level. HbA1c reflects the average blood glucose
level over the past three months (World Health
Organization, 2011), and it can be performed
at any time of the day and does not require
any special preparation (Rahlenbeck, 1998).
HbA1c has been used as an index of glycaemia
control in handful Nigerian studies (Emeribe et
al., 1998; Adewolu & Idogun, 2014; Adebisi et
al., 2009). In this study, HbA1c was measured
using standard laboratory procedure (American Diabetes Association, 2014; Nathan et al.,
2008; Tiez, 2009; Wu, 2009).
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C - reactive protein

In this study CRP test was performed as thus:
five microlitre capillary was filled with patient
sample and dropped into the tube with R1 dilution liquid, with tube closed and mixed well
for 10 secs. 50 microlitre diluted sample was
applied to the TD/Test device using automatic pipette. The sample was allowed to soak
into the membrane for approximately 30 secs.
Thereafter, 50 microlitre of the R2 (solution of
monoclonal anti CRP labeled with ultra-small
gold particles) were added and allowed to soak
into the membrane for 20 secs. 50 microlitre of
R3 washing solution (phosphate buffered NaCl
PH 7.4) to the TD/Test device was applied and
the reagent was allowed to soak into the membrane for approx 20 secs. All test precautions
were observed, and result was read off within
5minutes using Nycocard READER II (Tietz,
2009; Wu, 2009).
Pre-exercise stress test
In this study, the Young Men Christian Association sub-maximal cycle ergometry test protocol was used to assess subjects’ aerobic power
(VO2 max) as described by Heyward (2002)
and Brook et al. (1996). After warm-up (five
minute zero resistance exercise), the first three
minutes work rate was set at between 100 and
150 kg.m.min-1 (17 – 25 watts), (1 watt = 6 kilogram meter per minute (kg.m.min-1)). The
pedal speed was set at 50rpm (revolution per
minute) by setting the metronome between 68
and 100 bpm (beat per minute). Heart Rate
(HR) and BP were measured within the last
minute of each stage. If a HR of above 110
bpm was obtained in the first three minutes,
then only one additional three minute stage
was performed by increasing the workload by
either 25 watts or 150 kg.m.min-1. If the second
stage HR was less than 110 bpm, then 3rd or
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4th stages three minutes was performed at additional workload of 25 watts or 150 kg.m.min-1
up to 300 kg.m.min-1 in order to obtain two HR
between 110 and 150 bpm. These two HR did
not differ by more than 5 bpm, and where they
did, the test was extended by another minute
until a stable value was obtained. At the end
of the test, five minute recovery period (cool
down) at zero resistance was administered.
The Intervention
The experiment constituted cycle ergometer at
a moderate intensity of between 50 − 60% of
subjects’ HR-max which was estimated from
age of subject subtracted from 220, at a work/
rest ratio of 1:1 (American College of Sports
Medicine, 2008; Nieman, 2011). The subjects
pedaled at a slow speed and zero resistance
for five minutes as warm up exercise. The
workload was 100 kg.m.min-1, which was increased at a pedal speed of 50rpm to obtain
a HR max of 60%. The training session was
concluded with a cool-down exercise which
was slow speed pedaled at zero resistance for
five minutes. The exercise duration was five
6 minutes (30 min) work interspaced with six
minute rest. At the rest intervals, subjects pedaled at zero resistance. The workload that gave
the HR max was noted and recorded for subsequent training sessions. The trainings were
done in the morning hours between 8:00 am
and 11:00 am. Post-training C-reactive protein and HbA1c were measured after the first
30 mins exercise bout. At the end of 8-weeks
exercise intervention, post-training C-reactive
protein, HbA1c, body composition and blood
pressure were measured following earlier described protocols, techniques and methods.
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Data analysis
All data was analyzed using the statistical
package for social sciences (SPSS) version 23
was used, with α set at 0.05. Following outcome of exploratory statistics, log-transformation was performed for CRP and HbA1c.
Independent t-test was used to compare continuous baseline characteristics between the
groups, and a chi-squared test (χ2) was used
to compare dichotomous variables between
groups. Correlations between baseline CRP
and each of age, body composition measures
and blood pressure were analyzed with spearman correlations instead Pearson’s coefficient,
considering the distributions of other continuous variables. The influence of sex on baseline CRP was ascertained with aid of Median
test. Additionally, correlations of the changes
in CRP following exercise training with each
of change in body composition indices and
HbA1c were evaluated in the study group only
(n = 20).
Results
Result showed that the control group is significantly (p = 0.022) older than the study group.
No significant difference (p > 0.05) in body
composition measures, blood pressure between groups. A significant median difference
in baseline CRP was observed (p = 0.002) between groups, with the control group having
higher CRP value. Sex distribution of the subjects was same (male ─ 20, female ─ 20; p =
1.000) in both groups.
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TABLE 1
Baseline characteristics of the subjects (age, body composition measure,
blood pressure, HbA1c, C-reactive protein and Sex)
Mean±SD/Median(IQR)
Characteristics

Control group

Study group

Overall

p value

Age (years)

58.80±6.6

53.20±8.17

56.00±7.86

0.022*

Weight (kg)

72.80±10.43

76.00±12.05

74.40±11.24

0.373

Height (meters)

1.69±0.12

1.68±0.07

1.69±0.10

0.671

Body Mass Index

25.64±4.37

26.67±3.43

26.15±3.911

0.410

Waist Circumf
(cm)
Hip Circumf (cm)

101.05±12.55

95.65±10.78

98.35±11.87

0.153

102.20±5.09

105.25±10.35

103.73±8.20

0.244

Systolic BP
(mmHg)
Diastolic BP
(mmHg)
HbAcl (%)

131.3±15.12

125.10±18.6

128.20±17.07

0.256

80.05±7.92

82.45±8.15

81.25±8.02

0.35

0.80±0.11

0.80±0.11

0.80±0.11

0.922

CRP (mgL )

4.8(3.7-7.4)

1.3(0.8-2.7)

3.6(1.1-6.8)

0.002*

-1

IQR: interquartile range
Analysis of correlation showed there was significant correlation between baseline CRP and
each of age (R = 0.348; p = 0.028) and diastolic blood pressure (R = -0.386; p = 0.014).
No significant correlation was found between
pre-exercise CRP and each of weight, height,
body mass index, waist circumference, hip circumference, waist-hip ratio, systolic and blood
pressure (all p > 0.05). There was significant
relationship between baseline CRP and HbA1c
(p = 0.003) (Table 2). Participants’ sex had
no significant influence on baseline CRP (t =
-1.307; p = 0.199).

TABLE 2
Relationship between baseline CRP and
each of age, body composition, blood
pressure and HbA1c

Characteristics
Age (years)
Weight (kg)
Height (meters)
Body Mass Index
Waist Circumf (cm)
Hip Circumf (cm)
Systolic BP (mmHg)
Diastolic BP
(mmHg)
HbAcl (mmol/L)

CRP
(µg/mL)
R
0.348
-0.087
-0.088
-0.021
0.104
0.140
-0.293

p value
0.028*
0.594
0.588
0.897
0.523
0.391
0.066

-0.386

0.014*

-0.335

0.035*
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Result showed there were significant differences (p < 0.05) in CRP between study and
control groups following acute/single bout
(30min) (p < 0.05) and 8-weeks aerobic exercise sessions (p < 0.05). However, controlling
for the baseline differences in CRP and age,
we resorted to comparison of post-exercise
changes in CRP. Result showed that there was
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no significant difference in CRP reduction
between exercise and control groups, following acute (30 minutes) aerobic exercise (p >
0.05). However, after 8-weeks (24 sessions) of
aerobic exercise, the study group recorded a
significantly greater reduction in CRP than the
control (p < 0.05) (Table 3).

TABLE 3
Between-group comparison of CRP using Median Test
Median (IQR)
Study group
Control group

p value

4.0 (2.9 to 6.6)
3.7 (1.9 to 5.8)
-0.2 (-1.2 to 1.0)
-1.0 (-1.8 to -0.1)

0.004*
0.011*
1.000
0.027*

Characteristics
CRP (µg/mL)
Acute (30min post)
Short term (8-weeks post-baseline)
ΔCRP (30min post-baseline)
ΔCRP (8-weeks post-baseline)

1.1 (0.9 to 2.95)
1.0 (0.7 to 2.0)
-0.15 (-0.7 to 0.2)
-0.2 (-0.6 to -0.03)

Δ: change
Post-exercise analysis showed that there was
no significant correlation between CRP and
each of BMI, blood pressure, waist and hip circumference (All ps > 0.05) (Table 4). After exercise, a weak negative correlation was found
reductions in CRP and HbA1c (r = -0.345; p
= 0.029).
TABLE 4
Correlations between change in CRP and change in
each of body compositions, blood pressure and
HbA1c in exercisers
ΔCRP
(µg/mL)
Characteristics
R
p value
Body Composition
Δ We i g h t ( k g )
ΔBody Mass Index
Δ Wa i s t C i r c u m f ( c m )
ΔHip Circumf (cm)
Blood Pressure
Δ Sy s t o l i c B P ( m m Hg )
ΔDiastolic BP
( m m Hg )
Δ H b Ac l ( m m o l / L )

0.169
-0.294
0.061
-0.002

0.476
0.208
0.797
0.992

-0.253
0.067
-0.345

0.281
0.780
0.029*

Discussion
The key finding in this study is that both single
bout and short-term (8 weeks) aerobic exercises reduced CRP in people living with type-2
diabetes mellitus. This finding is supported by
results obtained in larger studies (Balducci et
al., 2010; Kamal et al., 2012), in which there
was no significant reduction in CRP following
six months’ aerobic exercise performed for 60
minutes, three sessions per week at 55 – 65%
of maximum heart rate reserve resulted in
no significant reduction in CRP (Bijeh et al.,
2012). Also, Murtagh et al. (2005) reported
no significant reduction in CRP following to
45 minutes walking program performed at 60
− 70% of heart rate maximum in overweight,
healthy and inactive men. Different levels of
exercise intensities (65%, 85% and 100% of
VO2max) have been found to lead to no significant change in the levels of CRP (Tsao et al.,
2009). Alas, one of the largest and well controlled trials on this subject reported no significant reduction in CRP level following a nine
month exercise training of different modalities
(Swift et al., 2012). However, this finding of
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the present study is consistent with Kamal &
Ragy (2012), in which 12 weeks (three times
per week) aerobic exercise reduced body
weight, body mass index (BMI), and CRP levels. Similarly, Balducci et al. (2010) found that
long-term high-intensity (preferably mixed)
training, in addition to daytime physical activity, is required to obtain significant reductions
in inflammatory cytokines including CRP.
Contrary to the result obtained in Swift et al.
(2012) where the control group who had higher baseline CRP, howbeit non-significant, ended up having higher post exercise reduction in
CRP, in our study, the study group ended up
with greater reduction in CRP despite having
significantly lesser CRP value than the control group. Similar to Swift et al. (2012), some
studies hold that individual with higher metabolic burden respond more to exercises (Bohm
et al., 2016; Alvarez et al., 2013; Hansen et al.,
2015) and lifestyle intervention (Borel et al.,
2012; Schafer et al., 2007; Kantartzis et al.,
2011), than their counterparts with lower metabolic burden. Nonetheless, our study casts
doubt on the postulation of Swift et al. (2012)
that CRP regulatory mechanism is subject to
a ceiling effect in the non-exercising control,
and a floor effect in exercisers. More so, higher
metabolic burden may limit burden’s response
to exercise instead of facilitating as previously
opined. However, the fact that the study group
were significantly younger than the control
group may contribute to the greater reduction
in CRP found in the exerciser.
The aforementioned discrepancy between this present study and previous ones
portray the level of heterogeneity that characterizes the subject of this study. It is important
to note that the intensity, type, and the length of
the exercise along with muscular vulnerability,
and the number of the used muscles, previous
physical activity level and baseline CRP level
are influential on CRP response to exercises
(Balducci et al., 2010; Bijeh et al., 2012). Late

VOL. 60

reduction in CRP has been reported in high
intensity exercise of short duration, in which
the use of different muscular tissues is almost
rare (Kasapis & Thompson, 2005). Exercises containing largely resistance component
proved to be more effective in reducing CRP
through improved glucose metabolism (American College of Sports Medicine, 2010). However, there is need for further studies to unravel
the mechanisms of CRP response to exercise.
Reduction in body composition and leptin level is one of the proposed mechanisms of CRP
response to exercise (Balducci et al., 2010). In
this study, there was no significant reduction in
body composition following aerobic exercises, however, reduction in CRP levels has been
reported independent of weight loss (Balducci
et al., 2010), and a scenario in which aerobic
exercise did not reduce CRP levels in adults
but improved measures of body composition
and physical fitness has also been reported
(Kelley & Kelley, 2006). Another proposed
mechanism of CRP response to exercise is
through HbA1c regulation. Consistently, our
study showed there was significant correlation
between reduction in CRP and HbA1c in exercisers. This supports the postulation that CRP
regulation is dependent on HbA1c (Swift et
al., 2012). However, what reduction in HbA1c
is necessary to bring about a significant reduction in CRP is not known. The third but not the
least proposed mechanism is through the regulation of other inflammatory cytokines. CRP
is believed to be released by hepatocyte in response as to inflammatory cytokines such as
interleukin 6, interleukin 4, and tumor necrosis
factor alpha (Wilson et al., 2006). Our study
neither support nor reject this postulation as
inflammatory cytokines such as interleukin 6,
interleukin 4, and tumor necrosis factor alpha
were not included in this present study.
The fact that information about participant medications especially anti-inflammatory agents was no collected, categorized and
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appropriate adjusted for in the statistically
analysis constituted a limitation to this study.
Furthermore, the study is limited by baseline
difference in age between groups as this could
not be adjusted using non-parametric median
test.
Conclusion
Both single bout and short-term aerobic exercises of 8weeks duration reduce CRP in people
with fairly controlled type-2 diabetes mellitus.
There is need for randomized controlled trial
including variables on anti-inflammatory medications, previous but recent physical activity
history, and other inflammatory cytokines.
There is also need for a robust meta-analytic
synthesis of study effects on the subject of this
study.
Acknowledgements
We would like to express our gratitude to Mr.
Uduonu Ekezie for his clerical support and assistance during the course of data collection,
and to all type-2 diabetes mellitus patients who
liable for this study. God bless you all.
Competing interest
Authors declare there was no competing interest.
Funding
The study was funded by tertiary education
trust fund (tetfund) Nigeria through TETFund institution based research (IBR) intervention. Grant no: tetfund/dess/uni/nsukka/
rp/vol.v.

References

Adebisi, S. A., Oghagbon, E. K., Akande, T. M.
& Olarinoye, J. K. (2009) Glycated haemoglobin and glycaemic control of diabetics in
Ilorin. Niger. J. Clin. Pract.12, 87 − 91.

39

Adewolu, O. F. & Idogun, E. S. (2014) Glycated Haemoglobin In Healthy Adult Nigerians In BeninTheTropical Journal of Health Sciences.21.
Available from https://www.ajol.info/index.
php/tjhc/article/view/103533
Alvarez, L. C., Ramirez-Campillo, R., Flores, O. M.,
Henriquez-Olguin, C., Campos, J. C., Carrasco, V., Martinez C. S. & Celis-Morales, C.
(2013) Metabolic response to high intensity
exercise training in sedentary hyperglycemic
and hypercholesterolemic women. Rev. Médica Chile 141 (10), 1293 – 1299.
AMERICAN COLLEGE OF SPORTS MEDICINE
(2010) Exercise and Type-2 Diabetes: American College of Sports Medicine and the
American Diabetes Association: Joint Position Statement. Med Sci Sports Exerc.42 (12),
228 – 2303.
AMERICAN COLLEGE OF SPORTS MEDICINE
(2008) Johnson EP, ed. ACSM’s Guidelines
for Exercise Testing and Prescription. 6th
ed. Philadelphia, Pa: Lippincott Williams &
Wilkins.
AMERICAN DIABETES ASSOCIATION (1993)
Consensus Statement: Role of cardiovascular risk factors in prevention and treatment of
macrovascular disease in diabetes. Diabetes
Care 16, 72 − 78.
AMERICAN DIABETES ASSOCIATION. (2014)
Standards of Medical Care in Diabetes. Diabetes Care 37, S14 − S80.
ASSOCIATED WITH ELEVATED C-REACTIVE
PROTEIN LEVELS IN WOMEN WITH
TYPE-2 DIABETES. Diabetes Care 27 (2),
32 – 50.
Balducci, S., Zanuso, S., Nicolucci, A., Fernando,
F., Cavallo, S., Cardelli, P., Fallucca, S.,
Alessi, E., Letizia, C., Jimenez, A., Fallucca,
F. & Pugliese, G. (2010) Anti-inflammatory
effect of exercise training in subjects with
type-2 diabetes and the metabolic syndrome
is dependent on exercise modalities and independent of weight loss. Nutr Metab Cardiovasc Dis. 20 (8), 60 – 817
.
Bijeh, N., Attarzadeh-Hosseini, S. R. & Hejazi, K.
(2012) The Effect of Aerobic Exercise on Serum C - Reactive Protein and Leptin Levels

40

GHANA JOURNAL OF SCIENCE

in Untrained Middle-Aged Women. Iran J of Public
Health 41 (9), 36 – 41.
Böhm, A., Weigert, C., Staiger, H. & Häring, H. U.
(2016) Exercise and diabetes: relevance and
causes for response variability. Endocrine 51,
390 – 401.
Borel, A. L., Nazare, J. A., Smith, J., Almeras, N.,
Tremblay, A., Bergeron, J., Poirier, P. &
Despres, J-P. (2012) Improvement in insulin
sensitivity following a 1-year lifestyle intervention program in viscerally obese men: contribution of abdominal adiposity. Metabolism
61 (2), 262 – 272.
Brooks, G. A., Fahey, T. D. & White, T. P. (1996)
Exercise Physiology: Human Bioenergetics
and its Applications. (2nd ed.). Mayfield Publishing Co. Pp 54.
Cohen, J. (1998.) Statistical power analysis for the behavioral sciences. Second Edition. Hillsdale,
NJ: Lawrence Erlbaum Associates.
Colwell, J.a., Lopes-Virella, M. & Halushka P.
V. (1981) Pathogenesis of Atherosclerosis in
Diabetes Mellitus. Diabetes Care 4 (1), 121
− 133.
Deanfield, J., Donald, A., Ferri, C., Giannattasio, C.,
Halcox, J., Halligan, S., Lerman, A., Mancia, G., Oliver, J. J., Pessina, A. C., Rizzoni,
D., Rossi, G. P., Salvetti, A., Schiffrin, E. L.,
Taddei, S., Webb, D. J. & Working Group
On Endothelin And Endothelial Factors Of
The European Society Of Hypertension. Endothelial Function And Dysfunction (2005)
Part I: Methodological issues for assessment
in the different vascular beds: a statement by
the Working Group on Endothelin and Endothelial Factors of the European Society of Hypertension. J Hypertens. 23 (1),7 – 17.

VOL. 60

Association. Atherosclerotic vascular disease
conference: Writing Group III: pathophysiology. Circulation 109 (21), 261 – 725.
Hamedinia, M., Haghighi, A. & Ravasi, A. (2007) The
effect of aerobic training on inflammatory
factors of heart disease in obese men. Iranian
Journal of Harkat 34, 47 – 58.
Hansen, J. S., Zhao, X., Irmler, M., Liu, X., Hoene,
M., Scheler, M., Li, Y., Beckers, J., Hrabĕ De
Angelis, M., Häring, H. U., Pedersen, B. K.,
Lehmann, R., Xu, G., Plomgaard, P. & Weigert, C. (2015) Type-2 diabetes alters metabolic and transcriptional signatures of glucose and
amino acid metabolism during exercise and
recovery. Diabetologia 58 (8), 1845 – 1854.
Hayashino, Y., Jackson, J. L., Hirata, T., Fukumori,
N., Nakamura, F., Fukuhara, S., Tsujii, S. &
Ishii, H. (2006) Effects of exercise on C-reactive protein, inflammatory cytokine and
adipokine in patients with type-2 diabetes: a
meta-analysis of randomized controlled trials.
Metabolism. Mar; 63 (3), 43 – 140.
HEYWARD, V. H. (2002) Designing Cardiorespiratory Exercise Programs’Advanced Fitness Assessment and Exercise Prescription 5th Edition
Champaign: IL Human Kinetics Books. pp.
104.
Kadoglou, N. P. E., Iliadis, F., Sailer, N., Athanasiadou, Z., Vitta, I., Kapelouzou, A., Karayannacos, P. E., Liapis, C. D., Alevizos, M., Angelopoulou, N. & Vrabas, I. S. (2010) Exercise
training ameliorates the effects of rosiglitazone
on traditional and novel cardiovascular risk
factors in patients with type-2 diabetes mellitus. Metabolism 59, 599 – 607.

Emeribe, A. U., Elochukwu, A. C., Nasir, I. A.,
Bassey, I. E. & Udoh, E. A. (1998) Clinical
significance of glycated haemoglobin testing
in obese subjects attending a tertiary hospital
at Calabarx 2, 13 – 441.

Kamal, N. & Ragy, M. (2012) The effects of exercise on C-reactive protein, insulin, leptin and
some cardiometabolic risk factors in Egyptian
children with or without metabolic syndrome.
Diabetol Metab Syndr. 4 (1), 27.

Faxon, D. P., Fuster, V., Libby, P., Beckman, J. A.,
Hiatt, W. R., Thompson, R. W., Topper, J. N.,
Annex, B. H. Rundback, J. H., Fabunmi, R. P.,
Robertson, R. M., Loscalzo, J. & American
Heart Association (2004) American Heart

Kantartzis, K., Machann, J., Schick, F., Rittig, K.,
Machicao, F., Fritsche, A., Häring, H. U. &
Stefan, N. (2011) Effects of a lifestyle intervention in metabolically benign and malign
obesity. Diabetologia 54 (4), 864 – 868.

VOL. 60

GHANA JOURNAL OF SCIENCE

Kasapis, C. & Thompson, P. (2005) The effects of
physical activity on serum C-reactive protein
and inflammatory markers: a systematic review. J Am Coll Cardiol. 45 (10),1563–9.
Kelley, G. A. & Kelley, K. S. (2006) Effects of aerobic exercise on C-reactive protein, body composition, and maximum oxygen consumption
in adults: a meta-analysis of randomized controlled trials. Metabolism 55 (11),1500-7.
Lusis, A. J. (2000) Atherosclerosis. Nature 407
(6801), 23 – 341.
Mcgavock, J. M., Mandic, S., Vonder Muhll, I., Lewanczuk, R. Z., Quinney, H. A., Taylor, D.
A., Welsh, R. C. & Haykowsky, M. (2004)
Low cardiorespiratory fitness is associated
with elevated C-reactive protein levels in
women with type 2 diabetes. Diabetes Care.
2004 Feb; 27 (2), 320 - 325. DOI: 10.2337/
diacare.27.2.320.
Murtagh, E., Boreham, C., Nevill, A., Davison, G.,
Trinick, T. & Duly, E. (2005) Acute responses of inflammatory markers of cardiovascular
disease risk to a single walking session. J Phys
Act Health 3, 32 – 432.
Musa, D. I., Ibrahim, D. M. & Toriola, A. L. (2002)
Cardiorespiratory fitness and risk factors of
CHD in pre-adolescent Nigerian girls. J Hum
Mov Stud. 42, 45 – 55.
Nathan, D. M., Buse, J. B., Davidson, M. B., Heine,
R. J., Holman, R. R., Sherwin, R. & Zinman,
B. (2008) Management of Hyperglycemia in
Type 2 Diabetes: A Consensus Algorithm for
the Initiation and Adjustment of Therapy. Diabetes Care 31 (1), 173 – 175.
Nathan, D. M., Cleary, P. A., Backlund, J. Y., Genuth, S. M., Lachin, J. M., Orchard, T. J.,
Raskin, P. & Zinman, B. (2005) Diabetes Control and Complications Trial/Epidemiology
of Diabetes Interventions and Complications
(DCCT/EDIC) Study Research Group.Intensive diabetes treatment and cardiovascular disease in patients with type 1 diabetes. N Engl J
Med. 353 (25), 264 – 353.
Nieman, D. C. (2011) Exercise Testing and Prescription: A health related approach. 7th ed. Singapore: McGraw Hill Companies. pp 411 – 432.

41

Nystrom, T. (2007) C-reactive protein: A marker or a
player? Clin Sci. 113 (1–2), 79 – 81.
Praet, S. F. E. & Van Loon, L. J. C. (2007) Optimizing the therapeutic benefits of exercise in
Type-2 diabetes. Journal of Applied physiology 103, 1113 − 1120.
Rahlenbeck, S. I. (1998) Monitoring diabetic control
in developing countries: a review of glycated
haemoglobin and fructosamine assays. Trop
Doct. 28, 9 − 15.
Ridker, P. M., Cushman, M., Stampfer, M. J., Tracy,
R. P. & Hennekens, C. H. (1997) Inflammation, aspirin, and the risk of cardiovascular
disease in apparently healthy men. N Engl J
Med. 336, 973 – 979.
Schafer, S., Kantartzis, K., Machann, J., Venter, C.,
Niess, A., Schick, F., Machicao, F., Häring,
H. U., Fritsche, A. & Stefan, N. (2007) Lifestyle intervention in individuals with normal
versus impaired glucose tolerance. Eur. J.
Clin. Invest. 37 (7), 535 – 543.
Schulze, M. B., Rimm, E. B., Li, T., Rifai, N., Stampfer, M. J. & Hu, F. B. (2004) C - reactive
protein and Incident Cardiovascular Events
Among Men With Diabetes. Diabetes Care 27
(4), 889–94.
Selvin, E., Paynter, N. & Erlinger, T. (2007) The
effect of weight loss on C-reactive protein: a
systematic review. Arch Intern Med. 167(1),
3 – 19.
Shrikhande, G. V. & Mckinsey, J. F. (Eds.) (2012) Diabetes and Peripheral Vascular Disease: 13 Diagnosis and Management, Contemporary Diabetes, DOI 10.1007/978-1-62703-158-5_2, ©
Springer Science+Business Media New York.
Sjoholm, A. & Nystrom, T. (2006) Inflammation and
the etiology of type-2 diabetes. Diabetes-Metab Res Rev.22 (1), 4 – 10.
Soinio, M., Marniemi, J., Laakso, M., Lehto, S. &
Rönnemaa, T. (2006) High-Sensitivity C-Reactive Protein and Coronary Heart Disease
Mortality in Patients With Type-2 Diabetes.
Diabetes Care 29(2), 329 – 33.
Stewart, L., Flynn, M., Campbell, W., Craig, B.,
Robinson, J. & Timmerman, K. (2007) The
influence of exercise training on inflammato

42

GHANA JOURNAL OF SCIENCE

ry cytokines and C-reactive protein. Med Sci Sports
Exerc. 39 (10), 1714 – 9.
Swift, D. L., Johannsen, N. M., Earnest, C. P., Blair,
S. N. & Church, T. S. (2012) The Effect of Exercise Training Modality on C-reactive Protein
in Type-2 Diabetes. Med Sci Sports Exerc. 44
(6), 1028 – 1034.
TIETZ, N. W. (2009) Clinical Guide to Laboratory
Tests 3rd edition. Transfusion 35(11), 972 –
972.
Tsao, T., Hsu, T., Yang, C. & Liou, T. (2009) The Effect Of Exercise Intensity On Serum Leptin
And C-Reactive Protein Levels. J Exerc Sci
Fit. 7 (2), 98 – 103.

VOL. 60

Watson, K. E., Harmel, A. L. P. & Matson, G. (2003)
Atherosclerosis in type-2 diabetes mellitus: the
role of insulin resistance. J Cardiovasc Pharmacol Ther. 8 (4), 25 − 360.
Wilson, A. M., Ryan, M. C. & Boyle, A. J. (2006) The
novel role of C-reactive protein in cardiovascular disease: Risk marker or pathogen. Int J
Cardiol. 106 (3), 29 – 71.
WORLD HEALTH ORGANIZATION (2011) Use of
Glycated Haemoglobin (HbA1c) in the Diagnosis of Diabetes Mellitus: WHO/NMH/CHP/
CPM/11.1. Geneva, World Health Organization.
Wu, A. H. (2009) Tietz clinical guide to laboratory
tests. 4th ed. St. Louis: Saunders/Elsevier.
1798p.

Received 25 Sep 19; revised 03 Mar 20.

